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Abstract

Rationale: Studies suggest that loneliness is associated with age. Among older adults, women
and Black adults may be at greater risk than men and White adults, respectively. Social and
physical contexts are also linked with loneliness. However, little is known about whether and how
those of different genders and racial/ethnic groups may experience social and physical contexts
differently in terms of their real-time loneliness, and the extent to which these differences may be
explained by differential exposure or reactivity to contexts.

Objective: We examine (1) how momentary loneliness relates to (a) gender and race/ethnicity
and (b) social and physical context; and the extent to which gender and racial/ethnic groups may
be (2) differentially exposed to loneliness-related contexts and/or (3) differentially reacting to
these contexts.

Methods: Using multilevel regressions, we analyzed ecological momentary assessments from
342 community-dwelling U.S. older adults from the Chicago Health and Activity Space in Real
Time study. In each of three waves of data collection, smartphone “pings” (five per day for 21
days; 7=12,793 EMAS) assessed loneliness, social context (e.g., alone, with a spouse/partner), and
location/physical context (e.g., home, at work).

Results: Men consistently reported greater loneliness intensity than women, including after
adjusting for momentary physical and social context. Older adults momentarily outside the home
and/or not alone were less likely to feel lonely than their counterparts. However, the protective
effect of being outside of the home (vs. home) was weaker among women and Black and Hispanic
older adults, and the protective effect of being with one or more others (vs. alone) was weaker
among women.
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Conclusions: Results are among the first to identify contextual effects on real-time loneliness in
older adults and how these associations vary by gender and race/ethnicity. Knowledge regarding
momentary variation in loneliness may inform future just-in-time adaptive loneliness interventions
in older adulthood.
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ecological momentary assessment; location; social context; older adults; gender; race/ethnicity;

loneliness

Introduction

Loneliness is an aversive experience that accompanies a perceived discrepancy between
desired and attained social relationships (Peplau & Perlman, 1982). It is distinct from

social isolation—an objective state of having minimal social contact with others. Notably,
loneliness is a well-established risk factor for broad-based morbidity and mortality in older
adulthood (Ong et al., 2016)—including depressive symptomology, physical health, and
functional limitations (Cacioppo et al., 2014; National Academies of Sciences, Engineering,
and Medicine, 2020).

Given these implications for health, researchers have sought to understand who experiences
loneliness and under what circumstances. Regarding the former (w#ho0), studies suggest

that loneliness is non-linearly related to age, increasing in adolescence and again in late
adulthood after age 75 (Hawkley et al., 2019; Luhmann & Hawkley, 2016). Other studies
suggest that women and those with lower educational attainment are also at increased risk
for loneliness (Fokkema et al., 2012; Hawkley et al., 2019). In addition, loneliness may

be higher among Black versus White older adults (Hawkley et al., 2019). Scholars (Taylor
& Nguyen, 2020) have posited that higher rates of certain socioeconomic (e.g., poverty,
gentrification) or social experiences (e.g., lower rates of marriage, higher rates of divorce
and separation) among Black older adults may increase their risk of experiencing loneliness
relative to White older adults. Regarding the latter (w#en), studies have examined the role
of individuals’ social and physical context, linking, for example, robust social networks and
lower neighborhood disadvantage with lower risks for loneliness and related mental health
outcomes (Kim, 2010; Larson, 1990; Stevens & van Tilburg, 2010; Wu et al., 2020).

Related bodies of literature have moved beyond demographic characteristics and

examined how dimensions of social and physical context shape individuals’ risk of
loneliness.Regarding social factors, studies have found lower levels of loneliness among
individuals with more frequent contact with friends (Finlay & Kobayashi, 2018; Pinquart
& Sorensen, 2001; Stevens & van Tilburg, 2010), more frequent sibling contact (Dugan

& Kivett, 1994), greater emotional connection to children (Long & Martin, 2000), and
among those who are married (Hawkley et al., 2020; Stack, 1998). Physical context has also
been associated with related dimensions of mental health and, to a lesser extent, loneliness.
For example, studies have linked characteristics of key physical spaces outside the home—
such as residential location (e.g., urban, rural) and/or density, neighborhood socioeconomic
disadvantage, and fear of crime—with higher risk of loneliness, depression, and anxiety,
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respectively (Kawachi & Berkman, 2000; Kim, 2010; Ross et al., 2001; Stafford et al.,
2007).

Despite the evidence to date, little is known about how daily loneliness relates to where
older adults are in a given moment and whom they are with at that time; prior studies have
treated social and physical context correlates of loneliness as static individual difference
variables (e.g., social network and residential neighborhood characteristics) rather than
momentarily varying. The few existing studies (Larson, 1990; Wu et al., 2020) examining
momentary loneliness suggest contextual factors matter (e.g., at home or alone). However,
these studies do not focus on older adults, and research using ecological momentary
assessment (EMAS) of loneliness remains scarce among this population, although recent
studies have used EMAs to examine older adults’ daily social interactions (Zhaoyang

et al., 2018) and emotional state (Moore et al., 2016). It is important to examine shorter-
term variation in loneliness because this permits the identification of social and physical
context factors most linked with momentary loneliness—information that may guide future
interventions.

Another unexplored question is whether and how those of different genders and racial/ethnic
groups may experience social and physical contexts differently in terms of their real-time
loneliness. Momentary context may elucidate unique sources of variation in loneliness for
these groups; specifically, it may help distinguish whether documented gender and racial/
ethnic differences in loneliness are driven by differential exposure to certain contexts (e.g.,
spending more time at home) or whether these groups show differential reactivity to these
contexts. Shorter-term loneliness assessments may prove especially useful in addressing
such questions. Some studies suggest that women and non-Hispanic Blacks may experience
outdoor public spaces less positively than men or Whites, respectively (Yavuz & Welch,
2010; York Cornwell et al., 2019). For example, women tend to fear crime more than men,
perhaps because their susceptibility to sexual assault and harassment lead them to perceive
greater risk in their environments than men (Yavuz & Welch, 2010). In addition, York and
colleagues (2019) suggest that lower perceptions of social cohesion among Black older
adults may be a key factor related to their decreased feelings of safety in public places
relative to White older adults. A better understanding of context-loneliness associations
will help identify points of entry for possible interventions addressing disparate risks of
loneliness across these sub-populations.

Here, we extend the loneliness literature by using three waves of EMA data from the
Chicago Health and Activity Space in Real-Time (CHART) study to examine associations
between older adults’ momentary experiences of loneliness with their demographic
characteristics and their momentary social and physical contexts. We examine three research
questions, which are also represented in our conceptual model in Figure 1:

1. To what extent is momentary loneliness associated with (a) gender and race/
ethnicity and (b) social and physical context (e.g., home, work)?

2. To what extent are gender and racial/ethnic groups differentially exposed to key
social and physical contexts correlated with momentary loneliness?
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3. To what extent do associations between context and loneliness vary across
gender and racial/ethnic groups?

Sample and Study Design

Procedures

Measures

The University Institutional Review Board approved all study activities. A total of 450 older
adults 65 years and older living in the Chicago area were enrolled in the CHART study

at baseline. Using probability-based sampling, participants were recruited from 10 different
neighborhoods that were themselves selected to capture racial/ethnic and socioeconomic
variation across residential and geographic areas. The CHART study was designed to
describe the social and spatial environments where older adults spend their time and to
characterize how these activity spaces may relate to changes in health over time across
three waves of data collection spanning 18 months in 2018-2019, with waves spaced
approximately 5-6 months apart.

After informed consent, participants first completed an in-person interview, which included
a baseline questionnaire assessing demographic characteristics (e.g., gender, race/ethnicity,
age), household composition, and physical and mental health. Then, participants were
provided with an Android smartphone (Samsung Galaxy S7, Samsung Electronics, South
Korea), which they were asked to carry with them for 7 consecutive days for each wave

of data collection. At the start of each wave, participants were asked to report their health,
marital, and employment status. Study staff installed the MetricWire application on each
smartphone prior to distribution. This app was used to administer the EMAS, such that
participants were “pinged” five times per day for each of the 7 days for each wave of data
collection. Each ping asked participants to report their location when they were pinged, who
they were with, and the extent to which they felt various emotions, including loneliness.
Following a variable schedule EMA design, the five daily pings were triggered at a random
time within each of the following time windows: 8 to 10 a.m., 10:30 a.m. to 12:30 p.m., 1 to
3 p.m., 3:30 to 5:30 p.m., and 6 to 8 p.m. If a participant did not begin completing a given
survey, reminder ping alerts were sent through the app at 10 and 20 minutes after the initial
trigger was sent.

Socio-demographic Characteristics—Participants reported a number of socio-
demographic characteristics during the baseline interview that have been linked to
individuals’ risk of loneliness. Gender is included as a dichotomous measure. Race/ethnicity
is a categorical measure constructed using two items: race (White; Black/African American;
Asian; Native Hawaiian or other Pacific Islander; American Indian or Alaskan Native;
Other) and ethnicity (Hispanic/Latino or not). Respondents were coded as non-Hispanic
White (reference), non-Hispanic Black, and non-Black Hispanic; for parsimony, we
hereafter refer to individuals in these groups as White, Black, and Hispanic. Educational
attainmentis included as a categorical variable: less than high school (reference), some high
school, high school graduate or GED, some college but no degree, and college graduate.
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Last, age subtracts date of birth from the date of the baseline interview; analyses include a
continuous measure for age at baseline.

EMA/Ping Measures—Participants were presented with the EMA items below in either
English or Spanish, depending on their self-reported language preference at baseline.

Loneliness.: Participants were asked, “Did you feel lonely?” with response options: not at
all (1), slightly (2), moderately (3), very (4), or don’t know. For descriptive analyses, we
constructed a within-respondent mean loneliness score, which was constructed by taking the
sum of all loneliness reports across an individual respondent’s EMAs and dividing this by
the total number of EMAS the respondent submitted.

Location (Physical Context).: Participants reported whether they were at home; at someone
else’s home; in transit by bus, train, subway, taxi, or car; in transit by foot; at work; or
someplace else. Analyses include a categorical variable that collapses these responses: at
home, in transit (any form), at work, and someplace else.

Saocial Context.: In a select-all-that-apply format, participants indicated who they were with
from the following list of options: nobody, spouse/romantic partner, family member, friend,
pet, neighbor, other, or don’t know. Analyses include indicators for whether the participant
was with a spouse/partner, family member, friend, pet, or other (reference: no one).

Other Key Variables.: Each EMA wave asked the respondent to self-report their physical
health status on a scale from 1 (excellent) to 5 (poor) to assess change over the course

of the study. We include fealth status as a categorical measure collapsing the lowest and
highest most categories due to small group size: excellent/very good; good; and fair/poor.
Similarly, each EMA wave asked whether the respondent was: married, living with a partner,
separated, divorced, widowed, never married. Marital status is a dichotomous measure
indicating the respondent is married or living with a partner. Employment status was also
assessed in each EMA wave by asking whether a respondent was: employed full-time;
employed part-time, employed with some other arrangements, and not employed. Analyses
include a dichotomous measure indicating any employment (reference: no employment).

We also considered household composition as a key variable, as it may be associated with
both momentary context and loneliness. We constructed two measures indicating baseline
co-residential status and household size using items that assess household membership

of close network ties, as well as details on additional household members, if any. One
dichotomous measure indicated whether respondents lived alone or not at baseline (40%
live alone); a second continuous measure indicated household size at baseline (M=1.77,
range 1-5). Household composition measures were moderately correlated with marital status
(r=.50 and r=.44, respectively); because marital status varies across waves, and therefore
provides a more accurate and up-to-date picture of respondents’ regular social interactions,
we present results from models including marital status. Additional models controlling for
household measures yielded estimates of interest similar to those presented in the tables,
with household measures having a negative and statistically and/or moderately significant
effect on loneliness. Last, models predicting loneliness include a measure of respondents’
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previous loneliness report. Additional models controlling for time between loneliness reports
yield near identical results.

Analytic Sample

Of the 450 respondents who participated in the baseline interview, 379 went on to participate
in at least one wave of EMAS (84% of baseline respondents) and the baseline interviews

in waves 2 and 3. We excluded from analyses respondents (/7=11) belonging to the

“Other” race/ethnicity category (3% of respondents); given this study’s focus on variation in
loneliness across racial/ethnic groups, the low statistical power due to small cell sizes may
lead to biased results. Therefore, we focus analysis on the largest racial/ethnic groups in the
United States: non-Hispanic Whites, non-Hispanic Blacks, and non-Black Hispanics. Of the
remaining 366 participants, 354 completed at least one ping (EMA): 77% completed at least
one ping in wave 1; 77% in wave 2; and 64% for wave 3.

We then calculated the amount of time that elapsed from when participants began and when
they submitted a survey (Hektner et al., 2007). Given that EMA responses are intended to

be completed in real time, we excluded from analysis any pings that a participant took more
than 30 minutes to complete (7= 363), as well as any pings that a participant did not begin
within 30 minutes of the trigger time (n = 784). These criteria are somewhat more liberal
than those of prior studies, which often exclude from analysis any EMAs that were filled out
more than 20 minutes after the initial trigger was sent (Csikszentmihalyi & Larson, 2014).
Excluding these ping responses reduces the potential for recall bias and also minimizes bias
that could result from granting participants unlimited discretion in when they complete the
assessments (Shiffman et al., 2008).

In cases where the MetricWire application mistakenly recorded an exact duplicate copy of a
ping response (n= 23 redundant duplicates), we only analyzed one of each response. Any
EMA response that was started or submitted less than 30 minutes within another EMA (n=
356) was not analyzed (Hektner et al., 2007). We also note that due to a programming error,
at the start of wave three of EMA data collection, some participants (/7= 40; 431 EMAS)
were simultaneously enrolled in both waves two and three and received ping triggers for
both waves on one or more days of participation (i.e., more than 5 pings/day rather than

5). These EMAS were included in analyses unless they fit the exclusion criteria detailed
above. For example, a respondent who received two pings for Survey 1 on a given day,

but submitted these as separate EMAS, at least 30 minutes apart and within 30 minutes

of receiving the pings, would contribute two unique EMAs. Regarding specific measures,
observations with missing loneliness and/or location data were dropped from our analyses
(<1%; n=129 EMAs and 18 EMAs, respectively). We used a similar approach for missing
key covariates because these contained very few missing cases (approximately 3.5% all
EMAS): time-varying marital status (/=2 EMAS), education (/=3 EMAS), employment
status (7=101 EMAS), age (/=32 EMAS), and self-reported physical health (7=346 EMAS).
Importantly, missingness on any of these key measures was not strongly correlated with any
of the socio-demographic, time-varying status (e.g., health, marital), context, or loneliness
measures (rs range from 0.00 to 0.08). After implementing these criteria, we excluded
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from analyses respondents that completed only one ping throughout the observation period
(m=15), resulting in a final analytic sample of 12,793 EMAs across 342 respondents.

Analytic Approach

We utilize the longitudinal nature of the data and model older adults’ reports of loneliness
by fitting multilevel linear regression models that adjust for the clustering of reports of
momentary loneliness (EMAs; level 1) within individuals (respondents; level 2) over time.
We test the effects of social and physical context on momentary loneliness (RQ 1b). For
each model, a hierarchical linear model defining two levels is estimated as follows: /for a
given EMA; and s for a given respondent. The models are specified as follows:

Level 1:Yj; = foj+ P1X1ij--- + BiXkij+eij

Level 2: 6y j = 01 W j + 700 + Uoj

In the Level 1 equation, Yj;is the predicted value of reported loneliness in EMA /submitted
by respondent j; By;are respondent-specific intercepts; e;; is the error term; 3, - f; are the
effects parameters of the explanatory context, key time-varying covariates (e.g., physical and
social context, marital and health status), and a respondent’s previous loneliness report; and
X1jj— Xjjrare these variables in the model. In the Level 2 equation, ygo represents the
respondent-level intercept, vy is the respondent-level error term, and Wj;and yo; are fixed
effects and time-invariant covariates at Level 2 (e.g., race/ethnicity and gender), respectively.

Next, for models testing whether specific demographic groups are differentially exposed

to key physical and social contexts (e.g., home, alone; RQ 2a), we use similar multilevel
models, although the outcome is the log-odds of being exposed to the respective

context. Last, for models testing whether demographic characteristics (Level 2) modify

the associations between context and loneliness (Level 1; RQ 2b), we use similar

models discussed above and include cross-level interaction terms between demographic
characteristics and context, where by, are the effects parameters of the interaction between
two explanatory variables (e.g., location and gender) and Xj;1.Xj:» are the corresponding
interaction variables. These cross-level interaction models include random slopes for gender
and/or race/ethnicity. For all models, a positive coefficient indicates a more intense feeling
of loneliness (RQs 1a, 1b, and 2b) and higher log-odds of experiencing a particular context
(RQ 2a). We present estimates from the fixed effect portion of the model as well as multiple
variance components: Level 1 (EMA) and Level 2 (respondent) variance, ICC (for the null
model only), the log likelihood, and the Pseudo A2, the latter of which is calculated using
the squared correlation between observed and predicted loneliness scores and excluding the
error terms. All study analyses were conducted using STATA software Version 16. Statistical
significance for all analyses was set at p < .05.

Multivariate models also include a version of participants’ reported loneliness in the last
EMA they submitted due to the autocorrelation between respondents’ responses. Additional
models controlling for a time-varying number of surveys completed at the time a participant
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was responding to an EMA,; timing of EMA (i.e., survey window, day of week, season); and
for residential neighborhood at baseline yielded similar results.

Results

Descriptive Statistics: Intensity and Variation in Momentary Loneliness

Table 1 presents baseline descriptive statistics at the respondent level (A=342). About

half of the sample identified as Black, with fewer identifying as White and Hispanic,
respectively. Educational attainment was approximately evenly distributed across each of the
four assessed levels (range of 20-28% per group). A majority of respondents were female,
did not have a spouse/cohabiting partner, were unemployed, and lived alone (household size
ranged from 1-5 people). Respondents most often reported having good health, and the
average age of respondents was 74 years at baseline (range of 65-97 years).

Regarding physical context at the EMA-level (A=12,793; Table 1), respondents were at
home nearly three-fourths of the time and were less often in transit, at work, or someplace
else. In terms of social context, just over half of the EMAs were completed when
respondents were alone. When not alone, respondents most often reported being with a
family member, followed by a spouse/partner, friend, pet, and/or someone else.

Overall, among our analytic sample of 342 respondents (described above), respondents
answered an average of 37.8 EMAs (range 2-116) across the three waves of data collection.
The total response rate was about 36% valid EMAs out of all possible EMAs (i.e., out

of 35,910 EMAS). The conditional response rate was 50% for wave 1, 52% for wave 2,

and 47% for wave 3. Likelihood of non-response was not strongly correlated with any

of the socio-demographic, time-varying status (e.g., health, marital), context, or loneliness
measures (75 range from 0.00 to 0.08).

Bivariate Statistics (Research Questions 1a and 1b)

At the respondent level, individuals had a mean score of loneliness of 1.20, or between

not at alland slightly. This was similar across waves, with means of 1.17, 1.20, and 1.21

in Waves 1, 2, and 3, respectively. Importantly, while means in loneliness were low, 53%

of respondents experienced some level of loneliness (i.e., slightly, moderately, or very)

at some point during the study, with 36 respondents reporting being very lonely at some
point. Only 2 respondents reported some level of loneliness in all EMAS, suggesting few
individuals experience “chronic” loneliness. Rather, nearly all respondents report transient or
acute bouts of loneliness, underscoring the importance of examining individual variation in
momentary loneliness.

Table 1 presents patterns in loneliness across demographic groups (respondent level; top-
most rows) and across physical and social contexts (EMA-level; lower-most rows). Men
showed higher mean loneliness than women, and mean loneliness differed by health status:
Those with fair/poor health were lonelier than those who reported good or excellent/very
good health. Respondents who lived alone and were not married or cohabiting with a partner
at baseline were also lonelier than those who lived with at least one other person and who
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were married, respectively. Average loneliness did not differ significantly by race/ethnicity,
educational attainment, or employment status.

With regard to momentary physical context, EMAS in which respondents reported being at
home or someplace else had the highest levels of loneliness (i.e., most intense), followed
by in transit and at work; loneliness differed significantly across these locations. Regarding
social context, respondents who were alone showed higher average loneliness than those
who were not alone. In addition, respondents had the lowest levels of loneliness when with
a spouse/partner or pet and highest when with a family member, a friend, or other. Because
these particular groups are not mutually exclusive, no statistical tests of significance were
conducted.

Multivariate Models

Demographic Characteristics (Research Question 1a)—We next move to test the
associations between context and loneliness in a multivariate model, with Model 1 in Table
2 presenting results from a null multilevel linear regression model. The intraclass-correlation
(ICC) for this model is 0.54, which suggests that 54% of the variation in loneliness can be
explained by between-respondent variance and justifies the use of multilevel models. Model
2 in Table 2 presents results from a similar model but includes key socio-demographic
characteristics. When controlling for all other covariates, reported loneliness was higher
among men (vs. women), not married/cohabiting with a partner respondents (vs. married/
cohabiting), and respondents with some high school education (vs. a college degree or
higher). Regarding model diagnostics, the Pseudo /R is .34, which indicates variance in
loneliness is explained by the inclusion of socio-demographic predictors in the model
compared to the null model. EMA-Ilevel variation is higher than respondent-level variation,
with the latter being much smaller than that presented in Model 1. Additional models
including random slopes for gender and/or race/ethnicity yield similar results, with minimal
model improvement.

Physical and Social Context (Research Question 1b)—We next turn to models to
estimate the effects of time-varying context on momentary loneliness, net of demographic
characteristics. Models 3-5 in Table 2 present results from multilevel models of the
relationship between physical (Model 3) and social context (Models 4 and 5) and loneliness
reports, adjusting for socio-demographic and time-varying status characteristics (e.g.,
health, marital). Models again include the previous report of loneliness to account for
autocorrelation between reports.

Regarding location, relative to being at home, respondents currently at work, in transit,

or someplace else reported lower levels of loneliness (Model 3), with work having the
largest effect size. Regarding social context, those who were alone reported higher levels of
loneliness than those who were not alone (Model 4). Being with family, friends, or other
persons were each associated with lower levels of loneliness versus being alone (Model

5); being with a spouse/partner was not associated with lower loneliness. Both EMA- and
respondent-level variation in Models 3-5 are similar to those in Model 2. The Pseudo /2 is
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also similar to that in Model 2, suggesting roughly the same amount of variance is explained
in these models as was explained in Model 2.

Across all models in Table 2, the main effect of female gender remains robust: net of current
physical and social context, women report lower levels of loneliness than men do. Other
socio-demographic and time-varying status variables remain consistent with those presented
in Model 2: Those currently married/cohabiting with a partner and those with at least a
college degree report lower levels of loneliness than do their counterparts.

Differential Exposure to Contexts by Gender and Race/Ethnicity (Research
Question 2)—Next, we move to test whether older adults from different gender and racial/
ethnic groups are differentially exposed to physical (at home) and social (alone) contexts
associated with high likelihoods of experiencing loneliness. Table 3 presents results from
multilevel logistic regression models predicting respondents’ likelihood of momentarily
being at home (left-most model) and being alone (right-most model). Net of other key
factors, compared to White respondents, Black respondents were more likely to be at

home (left-most model) and Hispanic respondents were more likely to be alone (right-most
model). No differences in likelihood existed by gender for either being home or alone.
Respondents’ likelihood of being home increased as their health declined, and those with
some high school education were more likely to be at home than those with some college
education. Finally, married/cohabiting with partners respondents were less likely to be alone,
and older respondents were more likely to be at home and marginally less likely to be alone
than their counterparts.

Gender and Race/Ethnicity Modifying Contextual Effects (Research Question
3)—L.ast, we test whether the adverse effects (i.e., experiencing a greater intensity of
loneliness) of physical (at home) and social (alone) contexts shape loneliness differently
by gender and/or race/ethnicity using a cross-level interaction model. Models 1a and 1b in
Table 4 present results for multilevel linear regression models testing the effect of being
home by gender (Model 1a) and by racial/ethnic groups (Model 1b); Models 2a and 2b
show results from similar models testing the effects of being alone by gender and race/
ethnicity, respectively. As noted above, these models include random slopes for gender or
race/ethnicity. Across all models, relative to being outside the home and being with others,
the respective main effects of being at home and being alone are consistent with those
presented in Table 2: Both contexts are associated with higher levels of loneliness. When it
comes to the adverse effect of being at home, however, differences exist across both gender
and race/ethnicity. Specifically, when at home, women report being significantly less lonely
than men (Model 1a). Results in Model 1b suggest that the adverse main effect of being at
home is also smaller for Black and Hispanic respondents than it is for White respondents.

Next, the effect of being alone, relative to being with someone else, varies by gender: This
adverse effect is smaller for women than it is for men (Model 2a). However, the effect

of being alone does not differ across racial/ethnic groups (Model 2b). Other key variables
operate in similar directions to those presented in Table 3. Both EMA- and respondent-level
variances are also similar to those in Table 3.
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Additional analyses combine the effects of being home and of being alone into one cross-
level linear regression model to further tease apart the race/ethnicity effects presented in
Tables 3 (Black respondents more likely to be at home and Hispanic respondents more
likely to be alone) and 4 (both groups experience being at home differently than White
respondents). We create a categorical variable using these two context measures: at home
and alone (reference), with indicators for being (1) at home and not alone, (2) not at home
and alone, and (3) not at home and not alone. We regress loneliness onto this measure,
accounting for the same key covariates included in previous models in Tables 2—-4. Results
from this model (Supplementary Table 1, Model 1) suggest that, relative to being at home
and alone, all three other contextual combinations are associated with lower levels of
momentary loneliness, as expected. However, interactions with race/ethnicity show that
Black respondents experience significantly more loneliness outside the home—regardless of
whether they are or are not with others—than do White respondents. To ease interpretation,
we present the average marginal effects of loneliness across social and physical contexts

by race/ethnicity in Figure 2b. Relative to being home and alone, racial/ethnic groups do

not differentially experience loneliness when they are home but not alone (they all report
being less lonely). However, they do differ when it comes to being outside the home: White
respondents report less loneliness in both social contexts when outside the home, whereas
Black respondents report more loneliness when alone, and to a smaller extent, less loneliness
when with others.

In another multilevel linear regression (Supplementary Table 2), we follow the same
approach as above (Supplementary Table 1, Model 2), but interacting the home/alone
context variable with gender, rather than race/ethnicity. As depicted in Figure 2a, these
results reveal that relative to being home and alone, women are significantly lonelier than
men when they are not alone, regardless of whether they are home or not home.

Discussion

Prior research has identified older adults, women, and—although less conclusive—Black
adults as being at higher risk for loneliness than their counterparts. Separate studies that
consider social and physical context have shown that individuals with less robust networks
(i.e., smaller or weaker ties) and those who live in more disadvantaged neighborhoods also
report more loneliness. However, little is known about how those of different genders and
racial/ethnic groups may experience social and physical contexts differently in terms of
their momentary loneliness, and the extent to which these differences may be explained by
differential exposure or reactivity to such contexts. The present investigation fills this gap
in the literature, harnessing rich EMA data to examine shorter-term changes in momentary
loneliness within respondents.

We began by assessing patterns in momentary loneliness and how these relate to gender,
race/ethnicity, as well as social and physical context. First, although respondents’ reports
skewed in general toward not at all and slightly lonely, momentary experiences with
loneliness are relatively common among older adults: Over half of respondents (52%) felt
at least sf/ightly lonely at least once during the study. In addition, these respondents reported
varying levels of momentary loneliness across the study: Nearly 20% reported each possible
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response option for the loneliness item (i.e., ranging from not at all to very much) at

least once during the study. These findings highlight the unique value of EMA loneliness
assessments and suggest that previously utilized one-time assessments fail to capture the full
story.

Second, variation in the intensity of momentary loneliness was associated with both
momentary context and demographic characteristics. Those who were momentarily at home
or alone were more likely to report feeling lonely, which is consistent with existing EMA
literature. Regarding socio-demographics, men, those without a spouse/partner, and those
with less than a high school degree were more likely to report feeling lonely than their
counterparts, net of other key factors. These findings are somewhat consistent with the
existing trait-like (i.e., between-subjects) literature, although diverge in the case of gender
(Hawkley et al., 2019; Pinquart & Sorensen, 2001) and, to some extent, race/ethnicity.
Some prior research (Nicolaisen & Thorsen, 2014; Shiovitz-Ezra & Ayalon, 2011) has
found that men and women differ in their reports of loneliness depending on the relative
directness of the measure employed, such that loneliness is more prevalent among women
when a more direct measure is used and more prevalent among men when an indirect

scale such as the UCLA Loneliness Scale (Russell, 1996) or the De Jong Gierveld Scale
(De Jong-Gierveld & Kamphuls, 1985) is used. However, the present study utilized a
single-item direct assessment, and men exhibited greater loneliness than women. Differing
findings may also relate to differing measurement time scales; the present study captures
momentary loneliness, whereas other studies do not provide a time frame at all (Hawkley

et al., 2019). Further research using EMASs in this population may shed light on whether
the momentary versus trait-like assessment of loneliness may be a factor contributing to
differential endorsements of loneliness among older adult men and women. In addition,
whereas the current study assessed loneliness intensity, some prior research has asked about
the frequency of such feelings (Hawkley et al., 2020). Women may be more likely to report
frequent loneliness, regardless of intensity (i.e., a lower threshold), whereas men may be less
likely to report loneliness unless relatively intense. This hypothesis remains a question for
future research.

Third, results suggest that women’s reported lower intensity of momentary loneliness is not
likely due to their higher or lower likelihood of experiencing loneliness-inducing contexts
compared to men (e.g., being at home or being alone). Rather, this strong gender difference
is due to women differentially responding to these contexts: They report being significantly
less lonely when at home and alone than men do when they are in similar contexts. Our
supplementary analysis suggested that for women, the social context mattered more than
the physical: Women were lonelier than men when they were with others, regardless of
whether they were home or not. We conjecture that compared to older men, older women
could be using the phone, social media, or other electronic communications more often
with loved ones not living with them—a factor that may be related to lower loneliness
among women than men when at home and/or (physically) alone. Although the CHART
study did not assess use of remote modes of communication, their relative omnipresence in
modern everyday life bears empirical consideration in investigations of loneliness. A second
possibility is men’s social dependence on their wives/partners for social connections, which
in contrast to women, who tend to report more diverse social ties, such as friends or sisters
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(Umberson et al., 1996). As result, men without partners are uniquely isolated and may feel
this when alone more so than women do.

Regarding racial/ethnic differences, Black and Hispanic respondents did not differ in
loneliness from Whites in general, despite their greater frequency of being home and

being alone than White respondents. However, this lack of difference misses the nuance

of momentary contexts. Specifically, both Black and Hispanic respondents, relative to those
who are White, did not experience the adverse context of being at home as severely: White
respondents reported being significantly more lonely while at home than did Black or
Hispanic respondents, and this is net of marital status and, in additional analyses, baseline
household composition—co-residential status (i.e., whether they live with anyone else) and
household size. Conversely, Black respondents, in particular, reported being significantly
more lonely outside the home than did White respondents, regardless of their momentary
social context. Only by examining the interaction between race and physical context did

a racial/ethnic difference in loneliness emerge. These results help explain unique sources
of loneliness among Black and Hispanic respondents. Specifically, although their overall
experiences with loneliness do not significantly differ from White respondents, Black
respondents, in particular, are lonelier than Whites under specific circumstances—namely,
when they are outside the home.

Future research may further examine whether the heightened loneliness experienced by
Black versus White respondents outside of the home may be in part explained by the
nature of the spaces in which they reside or visit. For example, perhaps outdoor spaces
provide more opportunity for ameliorating loneliness for White versus Black older adults
due to factors such as White respondents more often living in single-family dwellings or in
neighborhoods where characteristics of the areas outside of the home differ in the amount
and type of amenities offered (e.g., parks), the relative presence or absence of violence,
and social norms regarding how individuals in the community interact with one another.

In addition, experienced and/or anticipated discrimination (Lee et al., 2019) may be factors
linked with elevated loneliness among Black relative to White older adults in public (Sutin et
al., 2015).

Although beyond the scope of the present investigation, the potential modifying impact

of perceived outdoor neighborhood characteristics on loneliness may be explored using
existing data from CHART; respondents also self-reported perceived characteristics of the
momentary space they occupied (e.g., whether it felt like a close-knit, trustworthy, clean,

or crowded space) and any people momentarily around them (e.g., people smiling and
saying “hello,” racial/ethnic tension, or police using excessive force). The present study
examined the effects of the individuals respondents were personally with at a given moment,
but additional insights may be gleaned by also examining who else was momentarily in

the respondent’s surroundings (e.g., the number of other people the respondent knew or
recognized, and the extent to which these people were of different ages, races, or ethnicities
—factors included in the CHART dataset). Perceptions of social cohesion (Kawachi &
Berkman, 2000) in the broader neighborhood context—that is, the strength of relationships
and the sense of solidarity among members of a community—may also plausibly influence
feelings of loneliness in public spaces.
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In sum, the findings reported here highlight which groups of older adults are at elevated
risk of experiencing momentary loneliness and in which social and physical contexts—
information that may be used to inform future just-in-time adaptive loneliness interventions
(Nahum-Shani et al., 2017). For example, researchers might utilize respondents’ GPS
location data or EMA ping response data to initiate momentary interventions when older
adults are alone or at home. Additional research is needed to determine the most appropriate
intervention under these contexts, although simply alerting individuals to their heightened
risk for loneliness in certain contexts could prompt their moving to a different, more
beneficial context. The feasibility of such an approach could be explored using the CHART
data to address whether naturally occurring changes in physical or social context are
accompanied by changes in loneliness.

More generally, although this study isolates real-time contextual effects, it does not examine
how specific groups navigate or make choices about these contexts. For example, Black
respondents may choose to spend more time at home given their adverse experiences outside
the home. Relatedly, prior literature suggests that specific characteristics associated with
neighborhoods (e.g., disorder and community trust) may influence individuals’ mental
health through various mechanisms (Kawachi & Berkman, 2000). Future work should
examine what exactly may be driving the adverse effects of being outside the home for
Black and Hispanic respondents.

A limitation of this study is that the results may not be generalizable to older adults in other
contexts beyond Chicago, such as those living in rural areas, areas with less racial/ethnic
diversity, or areas where neighborhood segregation by race/ethnicity is less prevalent. In
addition, results may not generalize to those older adults who do not have any interest in
using smartphones. However, smartphone access itself was not a barrier to participation; the
study provided respondents with smartphones, along with instructions and guided practice
on how to use them, and troubleshooting as needed over the course of the study. Another
potential limitation is the response rate; on average, respondents completed about 50% of the
total number of pings they were sent across all three waves of the study. Although this rate is
lower than that of some other prior studies, this may be in part explained by the volume and
frequency of pings that respondents received; response rates decrease as the number of pings
per day increase (Christensen et al., 2003). The present study sent five pings per day across
a total of 21 days. A notable mitigating factor is that response rates were not significantly
associated with key variables of interest in this study. A final limitation is that this study
relied on a single-item direct measure of loneliness. Although this approach can produce
different estimates of loneliness than multi-item indirect measures (Shiovitz-Ezra & Ayalon,
2011), it does not invalidate the within-subject results reported in this paper, and other extant
research has also utilized single-item loneliness assessments (Shiovitz-Ezra & Ayalon, 2011;
Victor et al., 2005).
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Conclusions

We conclude that repeated momentary data offer a unique and under-explored window

into the daily lives of older adults and how daily physical and social contexts relate to
feelings of loneliness. Strengths of this investigation include the recruitment of older adults
from ten diverse Chicago neighborhoods of varying socioeconomic status and racial/ethnic
composition, as well as the use of EMA to obtain randomly-timed snapshots of older adults’
daily experiences, including rich contextual data that permit exploration into the pathways
linked with loneliness. The present findings are among the first to identify contextual effects
on real-time loneliness in older adults, their moderation by gender and race/ethnicity, and the
identification of differential reactivity versus differential exposure as explanations for gender
and racial-ethnic differences in momentary loneliness.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Ecological momentary assessments provide new insight into older adults’
loneliness

. Being momentarily outside the home and/or not alone buffer against
loneliness

. Protective effects were weaker for Black and Hispanic and for female
respondents

. Differential reactivity, rather than exposure, may explain between-group
variation

. Inform just-in-time adaptive loneliness interventions in older adulthood
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Figure 1.
Conceptual framework for key relationships of interest
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Figure 2a.
Average marginal effects of social and physical context on momentary reports of loneliness

by gender (reference: being home and alone)
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Figure 2b.
Average marginal effects of social and physical context on momentary reports of loneliness

by race/ethnicity (reference: being home and alone)
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Patterns in loneliness across sample characteristics and key EMA social and physical context (7=342; 12,793

EMAS)

Respondent-level (N=342)

Demographic characteristics

Loneliness mean (range 1-4), within respondent

Proportion or Mean (SD) Mean SD P
Gender AKX
Men 0.40 1.30 0.52
Women 0.60 1.14 0.29
Race/ethnicity
Non-Hispanic White 0.27 1.20 0.37
Non-Hispanic Black 0.51 1.21 0.42
Non-Black Hispanic 0.22 1.20 0.40
Education
Less than high school 0.28 1.28 0.47
High school 0.20 1.18 0.44
Some college 0.24 1.21 0.39
College + 0.28 1.15 0.27
Self-reported health status (baseline) falalad
Excellent/very good 0.37 111 0.20
Good 0.41 1.21 0.40
Fair/poor 0.23 1.32 0.54
Marital status (baseline) *
Not married 0.68 1.24 0.44
Married 0.32 112 0.30
Employment status (baseline)
Employed, any 0.20 1.22 0.38
Not employed 0.80 1.20 0.41
Age 73.69
Household composition (baseline)
Live alone *
Yes 0.59 1.28 0.49
No 0.41 1.16 0.36
Household size 1.77 (0.84)
EMA-level (N=12,793) Real-time context Loneliness means (range 1-4), by context
% Mean SD p
Physical context falaiad
Home 0.74 1.20 0.39
At work 0.04 1.14 0.21
In transit 0.09 1.18 0.33
Someplace else 0.13 1.19 0.38
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Social context

Alone
Yes
No

Who with (not mutually
Spouse/partner
Family member
Friend
Pet
Other

0.52
0.48
exclusive)
0.14
0.20
0.09
0.06
0.04

1.26
1.13

1.07
1.14
1.15
1.09
1.15

0.45
0.27

0.19
0.29
0.29
0.16
0.25

HokA

Page 23

Note. SD = standard deviation. Measures of loneliness are coded so that higher values are more lonely. Results are from t-tests and ANOVA tests of

significance of group means.

p<.05

Hk
<01

*okoA

p<.001.
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